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WATERPROOF ACOUSTIC STRUCTURE 
APPLICABLE IN CONJUNCTION WITH SPEAKER 



Waterproof acoustic structure applicable in conjunction with speaker 

The invention relates to an acoustic structure applicable in conjunction with a 
speaker, which structure is dustproof and waterproof according to the IP 67 class of 
protection, and which comprises, in the body of a device, two discrete, intercon- 
5 nected cavities for speaker means and isolating means. The invention also relates to 
a device employing the acoustic structure. 

Cellular terminals can be used in many different environments. Increasingly, termi- 
nals will be used in environments where they are subject to moisture or fine dust. 
Therefore there are terminals on the market in which the cover parts constitute a 
10 dustproof and waterproof structure assembled of two separate components. The 
speaker element in the terminal resides within this waterproof structure. 

In some respects such a structure is problematic. First, the audio level produced by 
the speaker element in this kind of an arrangement is so low that the user of the ter- 
minal has to place the terminal close to his ear. The terminal cannot be used hands 
15 free because the audio level is not sufficient for that kind of use. 

Making the speaker element dustproof and waterproof means usually that a sealing 
diaphragm has to be placed in front of the speaker element, which diaphragm with 
its fastening structures will result in that the terminal must be designed and fabri- 
cated a few millimeters thicker so that said isolating diaphragm can be positioned at 
20 the right distance from the speaker element. 

An object of the present invention is to provide a compact dustproof and waterproof 
speaker structure the acoustic pressure produced by which is so high that it makes 
possible to advantageously produce a hands-free-capable cellular terminal. 

The objects of the invention are achieved by an arrangement in which a dustproof 
25 and waterproof isolating diaphragm is placed in a separate cavity laterally adjacent 
to the speaker element proper, into which cavity the acoustic pressure produced by 
the speaker element is directed. The isolating diaphragm isolates the speaker ele- 
ment in a dustproof and waterproof manner from space external to the terminal. At 
the same time the isolating diaphragm serves as a sound reproducing element and its 
30 dimensions have an effect on the acoustic pressure produced. The acoustic pressure 
produced by the arrangement according to the invention is sufficient to realize a 
hands-free-capable terminal. 
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An advantage of the invention is that it can be used to provide a hands-free-capable 
compact dustproof and waterproof speaker structure in portable devices, for 
example. 

Another advantage of the invention is that the acoustic pressure produced by means 
5 of the invention outside the device is higher than that produced by solutions 
according to the prior art. 

A further advantage of the invention is that by placing the isolating diaphragm, 
which functions as both an isolating means and sound-reproducing means, in a 
cavity according to the invention beside the speaker element, the dimensions of said 
10 isolating diaphragm can be chosen independent of the speaker element proper and, 
thus, the speaker structure can always be given dimensions which produce the 
desired acoustic characteristics. 

A still further advantage of the invention is that using adjacently placed cavities it is 
possible to freely choose the location of the outgoing sound path on a side or end of 
15 the device, for example. 

A still further advantage of the invention is that the dimensions of the cavity for the 
speaker element proper can also be chosen freely in order to meet the acoustic 
demands. 

A still further advantage of the invention is that the terminal can be fabricated 
20 several millimeters thinner than what is possible using prior-art waterproof and 
dustproof speaker structures. 

A speaker arrangement according to the invention is characterized in that an isolat- 
ing diaphragm belonging to isolating means is adapted so as to serve simultaneously 
both as an isolating means for dust and water and as a sound-reproducing element. 

25 Some preferred embodiments of the invention are specified in the dependent claims. 

The basic idea of the invention is as follows: Speaker means of a terminal are 
located in a special cavity in the body of the terminal fabricated advantageously of 
plastic, which cavity hereinafter is called the first cavity, the dimensions of which 
are chosen in order to produce acoustic characteristics desired. An isolating dia- 
30 phragm serving as a sealing element and protecting against dust and water is placed 
in a second cavity in the body of the terminal, which second cavity is a separate 
cavity located laterally beside the first cavity reserved for the speaker means. From 



the first cavity reserved for the speaker means an acoustic path leads to said second 
cavity in which the isolating diaphragm is placed. The isolating diaphragm advanta- 
geously divides the cavity into two sub-cavities separated from one another in a 
dustproof and waterproof manner. Of these sub-cavities a first one is in direct con- 
5 nection with a first acoustic path coming from the cavity reserved for the speaker 
means. Sound waves produced by the speaker element are conducted via this first 
acoustic path into the first sub-cavity. The sound waves produced by the speaker 
element also make the isolating diaphragm in the second cavity vibrate. The move- 
ment of the isolating diaphragm results in pressure variation in the second sub- 

10 cavity from which there is arranged an open second acoustic path outside the termi- 
nal. This second acoustic path advantageously has dimensions such as to produce 
desired sound reproduction characteristics. Dust and water outside the terminal can 
only enter this second sub-cavity because the isolating diaphragm prevents them 
from entering the first sub-cavity and thereby also prevents them from getting into 

15 contact with the speaker means proper. 

The invention is below described in detail. The description makes reference to the 
accompanying drawings in which 

Fig. 1 shows, as an example, a device in which the dustproof and waterproof 

acoustic structure according to the invention is used, 

20 Fig. 2 shows, as an example, one possible placement in a device body of a 

speaker element and sealing means against dust and water in the 
arrangement according to the invention, 

Fig. 3a shows an attachment disc for an isolating diaphragm belonging to the 

arrangement according to the invention, 

25 Fig. 3b shows the attachment disc of Fig. 3a seen from the other side, 

Fig. 3c shows, as an example, the attachment disc for the isolating diaphragm, 
marked in Fig. 3a, with attached isolating diaphragm in section E-F, 

Fig. 4 shows, as an example, section A-B of the device body of Fig. 2, viewed 

laterally with respect to the body at the second cavity, and 



30 Fig. 5 



shows, as an example, section C-D of the device body of Fig. 2, viewed 
laterally with respect to the body at the first cavity. 



4 



The dustproof and waterproof acoustic structure/speaker arrangement according to 
the invention is below described using mainly examples relating to an exemplary 
cellular network terminal. It is obvious to a person skilled in the art that the acoustic 
structure/speaker arrangement according to the invention can also be utilized in 
5 other devices requiring sound reproduction, which devices may be either fixed or 
mobile. Examples of such devices include robot phones, direct-call intercom 
phones, small portable audio devices and radio receivers. What is essential in the 
invention is that it can be used to isolate a speaker element in a device from the ex- 
ternal environment in a dustproof and waterproof manner. The device can advanta- 
10 geously be used as a hands-free-capable device. This means that the audio level 
produced by the device is high enough so that a message or signal reproduced by 
the device is understandable also when the device is not held in the vicinity of the 
user's ear. The protection standard met using the arrangement according to the 
invention is IP 67. 

15 Fig. 1 shows, as an example, the utilization of the acoustic structure according to the 
invention in the speaker arrangement of a cellular terminal. The protection against 
dust and water of other parts of the terminal, such as keypad and display unit, can 
be advantageously arranged using other known solutions. Fig. 1 only shows ele- 
ments belonging to the speaker arrangement according to the invention. 

20 In Fig. 1, reference designator 100 represents the body of a terminal seen from the 
rear side. The body is advantageously fabricated by means of extrusion, using a 
suitable plastic material. The electrical and mechanical components of the terminal 
are attached to the body 100 thereby producing a functioning terminal. As viewed 
from the direction shown in Fig. 1, there is in the body 100 a substantially circular 

25 cylindrical cavity 110, hereinafter called the second cavity, where the isolating 
means belonging to the arrangement according to the invention, i.e. the isolating 
diaphragm 125 and the attachment disc 120 which advantageously accompanies 
said isolating diaphragm, are inserted. The second cavity 1 10 is shaped such that the 
isolating diaphragm 125 and attachment disc 120 can be placed in this second cavity 

30 at the desired location. The second cavity 110 has a fixed bottom belonging to the 
body 100, which bottom is not shown in Fig. 1, because it is on the front side of the 
terminal, which front side is not visible in Fig. 1. In addition, Fig. 1 shows a cover 
part 140 which may comprise circuit arrangements relating to the terminal's an- 
tenna, for example. Fig. 1 also shows a sealing part 130. It seals up the cover part 

35 140 and second cavity 1 10 in the body 100 of the terminal in a dustproof and water- 
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proof manner. The sealing part 130 is advantageously made of some soft material 
with glue-like material on both surfaces thereof. 

Reference designator 113 represents an audio path from the cavity 110, hereinafter 
called the second audio path, through which the sound waves produced by the 
5 speaker arrangement exit the terminal. The design of the second audio path 113 is 
such that its acoustic characteristics will not suppress the sound level obtained from 
the speaker arrangement according to the invention. Advantageously the second 
audio path 1 1 3 is constructed so as to open up at that end of the terminal where the 
speaker arrangement according to the invention is located. With a second audio path 

1 0 designed this way it is possible to get the sound obtained from the terminal to leave 
the terminal along the longitudinal axis thereof. A particularly advantageous effect 
on the audio level is achieved when the terminal utilizing the invention is placed on 
a sound reflecting surface which is horizontal enough. That surface can then be used 
to direct the sound waves coming from the second audio path 1 1 3 so that they are 

15 reflected from said surface towards the user of the terminal. With the speaker 
arrangement according to the invention it is possible to achieve an acoustic pressure 
of 100 dB at a distance of 5 cm from the device. Thus the speaker arrangement 
according to the invention can be used as a hands-free-capable device. 

Fig. 1 further shows the speaker element 151 proper with other parts in connection 

20 therewith. The body 100 of the terminal has a substantially circular cylindrical 
cavity for the speaker means, which cavity is not visible in Fig. 1 and will be here- 
inafter called the first cavity. The speaker means advantageously comprise the 
speaker element 151 and other components associated therewith. The first cavity 
reserved for the speaker element 151 is located substantially in the same plane with 

25 the aforementioned second cavity 110, viewed laterally with respect to the device. 
With the speaker arrangement according to the invention there is no need to 
increase the thickness of the terminal because of the requirements concerning pro- 
tection against dust and water. The speaker element 151 is inserted in the first cavity 
in such a manner that there remains between the sound-reproducing surface of the 

30 element and the bottom of the first cavity a free air space suitable for sound repro- 
duction. Together with the speaker element 151, advantageously a sealing ring 152 
and a damper 153 are also installed in the first cavity. The sealing ring 152 acousti- 
cally isolates the cavity in front of the speaker element 151 from the acoustically 
tuned air space behind the speaker element 151. With a sealing plate 160 it is 

35 possible to seal the air space behind the speaker element 151 from the rest of the 
inner volume of the terminal, enabling its acoustical tuning. The damper 153 helps 



6 

keep the speaker element 151 in the correct position in the first cavity and at the 
same time serves as a mechanical damper. The sealing plate 160 also protects the 
speaker element 151 from mechanical damage. 

Fig. 2 shows in greater detail that end of the terminal body 100 depicted in Fig. 1 
5 which houses the speaker arrangement according to the invention. Reference desig- 
nator 110 represents a second cavity belonging to the arrangement. The broken lines 
of reference designator 150 represent a first cavity where speaker means proper are 
located. The opening of this first cavity 150 lies on the rear side of the terminal 
body 100 depicted in Fig. 2, which rear side is not visible in Fig. 2. From the first 

10 cavity 150, from the free air space formed between the bottom thereof and the 
sound-reproducing surface of the speaker element 151, there leads an open first 
acoustic path 111 into the second cavity, above a substantially circular shoulder 114 
therein. Below said shoulder 114 there leads a second acoustic path 113 out of the 
terminal. It is via this second acoustic path 113 that sound waves originally pro- 

15 duced by the speaker element 151 are conducted outside the terminal. The second 
cavity 110 further includes an alignment hollow 112. Advantageously it can be used 
to assist in the correct positioning of the attachment disc 120 according to the 
invention in the second cavity 110. 

From the point of view of the inventional idea it is significant that the openings of 
20 the second cavity and first cavity 150 in the terminal body 100 are located on differ- 
ent sides of the terminal body 100. This way the structure according to the invention 
makes it easier to acoustically isolate the rear air space and front air space in the 
speaker element. Now each cavity can have individual dimensions according to 
desired audio characteristics and/or sealing requirements. The proportions of the 
25 cavities shown in Fig. 2 are only intended to illustrate the mutual positions of said 
cavities in an exemplary manner. In principle, the cavities may have openings on 
the same side of the body, in which case it is easier to produce a watertight structure 
as there is no need for the sealing function of the cover part 140, but acoustically, 
such a structure is more difficult to realize than the other alternative described 
30 above. 

Lateral sections A-B and C-D in Fig. 2 are described more closely in conjunction 
with the descriptions of Figs. 4 and 5. 

Figs. 3a, 3b and 3c give a more detailed picture of the attachment disc 120 accord- 
ing to the invention. An attachment disc 120 is advantageous for two reasons. First, 
35 the diaphragm 125 for the protection against dust and water can advantageously be 
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attached to the attachment disc 120 when the isolating diaphragm 125 is fastened to 
the shoulder 114 in the second cavity 110. The isolating diaphragm 125 can be at- 
tached to the shoulder 1 14 by means of glue, for example. 

There is also another way of employing the attachment disc 120 in the speaker 
5 arrangement according to the invention. The attachment disc 120 is shaped such that 
there is a substantially circular aperture 122 in the center of it. The size and position 
of the aperture 122 are chosen such as to conduct the pressure variations caused by 
the sound coming from the first acoustic path 111 towards the isolating diaphragm 
125. Direction of the pressure variations into the aperture 122 is emphasized by 

10 forming an audio channel 121 on the upper surface of the attachment disc 120, 
which here refers to the surface closer to the sealing part 130 in an assembled 
structure, which audio channel leads from the first acoustic path 111 around the 
aperture 122. Correct positioning of the audio channel 121 is ensured by means of a 
lug 123 which, in conjunction with the installation of the attachment disc 120, fits 

15 into an alignment hollow 1 12 in the terminal body 100. 

Fig. 3c gives a sectional view of the section E-F of Fig. 3a. Here it is seen that the 
lower surface 126 of the attachment disc 120 is concave around the aperture 122. 
The isolating diaphragm 125 is advantageously glued to the outer rim of the lower 
surface 126 of the attachment disc 120. Advantageously there is glue on the edge of 

20 the isolating diaphragm 125 at least on that surface which faces the attachment disc 
120. As the attachment disc 120 is pressed tight against the glued surface of the 
isolating diaphragm 125, it helps keep the diaphragm in place when there is water 
pressure directed to the surface of the isolating diaphragm 125. Moreover, the glued 
surface makes assembly easier in addition to serving as an acoustic sealant. Advan- 

25 tageously there is glue also on the other side of the isolating diaphragm 125, so that 
the construction is watertight as the isolating diaphragm 125 is attached to the 
shoulder 114. By means of the cover plate 140 the attachment disc 120 is pressed 
tight against the shoulder 114. This arrangement ensures a watertight construction 
in a situation where water pressure is directed to the isolating diaphragm 125 from 

30 the side of the second sub-cavity HOB. 

Attached this way, the isolating diaphragm 125 is free to vibrate in either direction 
from the rest position shown in Fig. 3c. Thus, said isolating diaphragm 125 can at 
the same time function as an isolating means, to prevent dust and water from propa- 
gating towards the speaker element 151, and as a sound-reproduction means, as it 
35 vibrates in synchronism with the sound waves coming from the speaker element 
151 via the audio channel 121 and aperture 122. 
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Fig. 4 shows, as an example, how the attachment disc 120 with isolating diaphragm 
125 is placed within the terminal body 100. The attachment disc 120 is inserted in 
the substantially circular second cavity 110 in the body 100. The isolating dia- 
phragm 125 is advantageously already attached onto the lower surface 126 of the 
5 attachment disc 120. The attachment disc 120 and isolating diaphragm 125 are 
attached by means of glue, for example, to the shoulder 114 encircling the second 
cavity 110. Installed this way, the attachment disc 120 and isolating diaphragm 125 
form a dustproof and waterproof isolating means in the second cavity 110. 
Moreover, the second cavity is this way divided into two sub-cavities by the isolat- 
10 ing diaphragm 125. The first sub-cavity 11 OA is connected to the first cavity 
reserved for the installation of the speaker element 151 proper via the audio channel 
121 and first acoustic path 111. From the second sub-cavity 11 0B there leads a free 
second acoustic path 113 out of the terminal. 

The isolating diaphragm 125 also functions as an acoustic element in the terminal 
15 according to the invention. Because of the design of the lower surface 126 of the 
attachment disc 120, the isolating diaphragm 125 can vibrate freely around its rest 
position. The size and shape of the first sub-cavity 11 OA and second sub-cavity 
HOB have effect on the audio level and frequency band obtained from the terminal 
via the second acoustic path 113. 

20 Fig. 4 further shows the sealing part 130 which seals up the attachment disc 120 at 
the upper side thereof. Outer shell components of the terminal comprise the cover 
part 140, supporting the sealing part 130, and the sealing plate 160 which closes up 
the air space behind the speaker element 151. Assembled together, these compo- 
nents belonging to a speaker arrangement in a terminal constitute a dustproof and 

25 waterproof structure in which dust and water cannot propagate past the second sub- 
cavity HOB. 

Fig. 5 shows, as an example, how in an arrangement according to the invention the 
speaker element 151 is placed in the first cavity 150 in the body 100 of a terminal, 
which first cavity advantageously has a basic structure of a circular cylinder. Prior 

30 to installing the speaker element 151 in the first cavity 150, a sealing ring 152 is 
placed there, against a substantially circular shoulder 154 in the first cavity 150. 
Next, the speaker element 151 is placed against the sealing ring 152. The position of 
the shoulder 154 determines the volume of free air space at the upper part of the 
first cavity between the speaker element 151 and terminal body 100. Thus the free 

35 air space can have dimensions suitable for the desired acoustic characteristics. 
Under the speaker element 151 there is placed a damper 153 made advantageously 
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of a flexible material which lies between the speaker element 151 and the sealing 
plate 160. The material and thickness of the damper 153 can advantageously have 
damping effect on the mechanical vibrations of the speaker arrangement according 
to the invention. 

5 The cavity 150 has such dimensions that there remains free air space at the upper 
part thereof when the speaker element 151 has been installed, the shape and size of 
which free air space are acoustically as desired. A first acoustic path 111 opens 
from this free air space towards the second cavity 110. Sound waves produced by 
the speaker element 151 are conducted via this acoustic path 111 into the second 
10 cavity 110 where they are directed towards the isolating diaphragm 125. The iso- 
lating diaphragm has such dimensions that it produces a desired audio level on the 
second acoustic path 113 through which the sound waves are released outside the 
terminal. 

Fig. 5 further shows the cover part 140 utilized in the sealing-up of the second 
15 cavity 110. 

Figs. 1 to 5 only depict principal components of the arrangement according to the 
invention. So, a device employing the speaker arrangement according to the inven- 
tion may naturally include other parts and components not shown in the Figures. 
The Figures are only intended to illustrate the components essential from the point 
20 of view of the invention, which parts and components can be used to produce the 
IP-67-class protection against dust and water and simultaneous hands-free speaker- 
phone function according to the invention. 

The speaker arrangement according to the invention can be advantageously applied 
in conjunction with various cellular terminals and other portable devices. The 
25 arrangement according to the invention has no effect on other mechanical or electri- 
cal components of the terminal than the speaker arrangement described above. An 
electrical signal can be brought to the connectors of the speaker element proper 
using any prior-art technique. 

Embodiments of the invention were described above. The invention is not limited to 
30 the embodiments just described. For example, the basic shape of the first and 
second cavity may be something else than the circular shape here described. From 
the standpoint of the invention it is essential that said cavities can be located in the 
terminal body structure in an adjacent manner so that there is no need to increase 
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the thickness of the terminal. The inventional idea can be applied in numerous 
within the scope defined by the claims . 



